The prediction method of melatonin suppression values was based on previous studies related to melatonin suppression and pupil constriction. Estimated values that considered pupil constriction were larger than the actual suppression values. We focused on the pupil constriction and its correction factor to interpret the action spectrum for the properties of the melatonin suppression model. When the correction factor was used to modify the model, actual suppression values were almost completely predictable. These factors suggest that it might be possible to explain the indescribable results.
Introduction
Light not only provides humans with the perception of information such as color, shape, and brightness, but also affects various bodily functions. Color, shape, and brightness are perceived after light signals received by the retina pass through the lateral geniculate nucleus (LGN) and then reach the cerebral cortex. The effects on bodily functions are believed to be related to the passage of light signals to the pineal gland 1) . The light signals received by the retina enter the suprachiasmatic nucleus (SCN) and then pass through the paraventricular nucleus (PVN), medial forebrain bundle (MFB), and reticular formation (RF) to the pineal gland. The pathway related to color, shape, and brightness is referred to as the visual pathway, while the pathway related to the effects on bodily functions is referred to as the nonimage forming pathway.
In the past, investigations of the effects of light on bodily functions have covered the effects on the central nervous system, autonomic nervous system, and endocrine system 2)- 19) . Effects on brain waves (EEG) and event-related potential (ERP) have been reported as marks of the central nervous system 2)-13) , effects on blood pressure, pulse, skin temperature, electrodermal activity (EDA), and heart rate variability (HRV) have been reported as marks of the autonomic nervous system 3)4)14)- 16) , and the effects on melatonin, cortisol, and thyroid stimulation hormone (TSH) have been reported as marks of the endocrine system 17)- 19) . When the effects of light on the central and autonomic nervous systems are categorized by color, experimental results can generally be divided into two groups. One group indicates that the color described as red (a color with a large longwavelength component) has an arousal effect and the color described as blue (a color with a large short-wavelength component) has a calming effect 2)-4)6)8)10)-12)14)16) . Conversely, the other group shows that the color described as red has a calming effect and the color described as blue has an arousal effect 5)-9)13)15) . The fact that there are multiple reports showing that the effects of light on bodily functions can have the exact opposite results makes it conceivable that these are not the results of artifacts but are the results of causes. When the research produces the similar results, the spectral distribution features of the light source used are similar. In experiments that produce results showing that red and blue have arousal and calming effects, respectively 2)-4)6)8)10)-12)14) 16) , color fluorescent lamps and colored light that was filtered from incandescent lamps were used. In experiments that produce results showing that red and blue have calming and arousal effects, respectively 5)-9)13)15) , fluorescent lamps that have chromaticity in the Planckian locus range that can be expressed by correlated color temperature and monochromatic light that was filtered by a narrowband transmission interference filter from an incandescent lamp were used. These results suggest that the results of the effects of light on bodily functions cannot be simply expressed by a color name. There is a complicated mechanism that changes these effects according to the spectral distribution shape.
Many reports on the results of the effects of light on the endocrine system have covered the effects on melatonin that is secreted mainly at night by the pineal gland. The secretion of melatonin is rapidly suppressed by high-intensity light at night 17) . In experiments that used color fluorescent lamps 20) , green and blue lights greatly suppressed melatonin secretion, while red light had almost no suppression effect. For all experiments that used fluorescent lamps that have chromaticity in the Planckian locus range 21) or monochromatic light 22) 23) , it was reported that light with a large short-wavelength component, which is described as blue, strongly suppressed melatonin secretion. The action spectrum for melatonin suppression from light has been studied, and it has been reported that light in the range of 446 to 477 nm has the largest effect 22) . Furthermore, intrinsically photosensitive retinal ganglion cells (ipRGC) that contain the photopigment melanopsin have been discovered in recent years. These cells are photoreceptors but are distinct from rods and cones 24) . Their neural output projects to some layers of the SCN and LGN (IGL, VLG) and the olivary pretectal nucleus (OPN) 25) . The fact that the first 3 locations are related to the circadian rhythms and that the OPN is related to pupil reflex suggests that the ipRGC transmit light signals via non-image forming pathways. Experiments using mice that lost melanopsin or rod and cone function 26) showed that while mice that lost melanopsin function only or rod and cone function only showed melatonin suppression and pupil reflex, mice that lost the function of all three photoreceptors lost all reaction to light. This suggests that ipRGC has an important function along with rods and cones in melatonin suppression and pupil reflex reactions. Experiments that compared melatonin suppression by narrowband monochromatic light and broadband light, which includes wavelengths of multiple bands, suggest that the melatonin suppression effects of broadband light are lower than predicted by action spectrum 22)23) models 27) of melatonin suppression 28)29) . While it is possible to roughly estimate the effect of melatonin suppression by the color of the light, the additivity of the action spectrum has been called into doubt in some reports 28)29) , which suggests that there is some not-yet-understood complex mechanism at work.
While the effects of light on bodily functions are complex, it is important to quantify the results and create design criteria for lighting environments that take into account the impact of these results. Consequently, this report aims to use findings related to one of the effects of light on bodily functions, the effect on melatonin secretion, to create a model to estimate the melatonin suppression value caused by exposure to light at night. Within the marks that have circadian rhythms, such as sleep and waking, rectal temperature, and cortisol, the secretion rhythm of melatonin is said to be the least effected by the actions other than those of the biological clock in SCN. Because there are basic findings regarding multiple factors of the effects of light on melatonin secretion, such as action spectrum 22)23) , the dose response relation with light intensity 22)23) , duration of exposure to light 30) 31) , pupil reflex 32) , and age 33) , they are considered appropriate marks when modeling the influence of light on living organisms. In many reports that covered the influence of light on melatonin secretion, mydriatics are used and pupil diameter does not change in the experiment so the conditions differ from general environments which includes pupil reflex. Therefore, this report presents mathematical models that predict the melatonin suppression value under conditions in which pupil reflex changes the quantity of light reaching the retina.
Mathematical models for melatonin suppression
Firstly, a mathematical model was created for conditions with no pupil reflex. Next, a model was created for conditions with pupil reflex. The mathematical model for conditions with no pupil reflex was created from knowledge related to action spectrum and doseresponse curves based on experiments that clarified the action spectrum of melatonin suppression. It has been reported that conditions with pupil reflex have a lower melatonin suppression value compared to conditions with no pupil reflex 32) . It is believed that the pupil reflex attenuates the amount of light that reaches the retina and causes this difference. The formula for conditions with no pupil reflex was created by transforming a formula that focuses on the quantity of light reaching the pupil.
Action spectrum for melatonin suppression
The action spectrum for melatonin suppression has been carefully studied by Brainard et al. 22) and Thapan et al. 23) , who reported similar results. To predict the melatonin suppression value for conditions with pupil reflex later in this report, it was decided to use the experimental results of Brainard et al. 22) , which list pupil diameter at dilation.
It has been reported that the melatonin suppression from light exposure differs by the time of day of the light exposure 34) . Brainard et al. 22) used the method of Gaddy et al. 32) to cancel the influence of the time of day of the light exposure to calculate the melatonin suppression value. Formula 1 was used to calculate the melatonin suppression value with and without light exposure. Next, the value without exposure was subtracted from the value with exposure. After control-adjusting the value, the melatonin suppression value was acquired. The dose-response curve expressing the relation of the light intensity for each monochromatic light and the melatonin suppression value after control-adjustment is expressed in Formula 2 by a logistic function with the 4 types of parameters indicated 22) .
( ) The action spectrum was calculated from the logistic function of Formula 2 created for each monochromatic light. The three parameters other than X50 were made common, and then X50 for each monochromatic light was calculated. The values in the report by Glickman et al. 35) were used for X50. The action spectrum was calculated by reciprocating and normalizing X50. The unit 'photon' is frequently used with the original X50 used to calculate the action spectrum, which is different from the general energy unit used in engineering. Therefore, the unit was converted using Formula 3 below. Table 1 shows X50 in units of photons (photon flux density) and energy (irradiance) and the action spectrum in units of energy. Furthermore, Brainard et al. 22) identified the importance of investigating the action spectrum of short wavelengths of less than 440 nm and so an experiment using monochromatic light with the wavelength of 420 nm was added. However, it was decided that the action spectrum of 420 nm should not be used because there was only one light intensity condition and the precision was considered poor.
2.2 Approximation formula for the action spectrum of melatonin suppression It is been reported that the action spectrum of melatonin suppression has a peak wavelength of around 460 nm 22)23) . This is different than both the standard relative luminous efficacy function for photopic vision V (λ) and the standard relative luminous efficacy for scotopic vision V' (λ). Since both the rod and cone system and ipRGC take part in this mechanism, the action spectrum was approximated using a quadratic polynomial (Formula 4) instead of the spectral absorption characteristics of individual photoreceptors 22)23) or a synthesis of multiple photoreceptors of the rod and cone system 27) .
( ) Figure 1 shows the results for the action spectrum for melatonin suppression 22) , approximation using the tem- Figure 1 The open circle represents the action spectrum for melatonin suppression 22) . The broken curve represents template for maximal spectral absorbance of 464 nm 22) . The bold curve represents quadratic polynomial.
plate for the spectral absorbance characteristics of a visual pigment with a peak wavelength of 464 nm used by Partridge et al. (R 2 = 0.91) 36) , and approximation using the quadratic polynomial presented in this report (R 2 = 0.98). This figure shows that the template with a peak wavelength at 464 nm does not match well with the experimental results and the approximation curve when the wavelength is longer than 550 nm. In contrast, the quadratic polynomial presented in this report matches well with the experimental results of Brainard et al. 22) over the entire range of 440 to 600 nm used in the experiment.
Mathematical model without pupil reflex
A single dose-response curve that is not dependent on the wavelength of light can be created by clarifying the action spectrum from a dose-response curve acquired using monochromatic light, and then expressing it as a function of the amount corresponding to the illuminance using this action spectrum. In order to create a single dose-response curve based on the experimental results of Brainard et al. 22) that is not dependent on the wavelength of light, it is necessary to express X50 of Formula 2 as an amount corresponding to the illuminance using the action spectrum.
In order to calculate X50 as an amount corresponding to the illuminance using the action spectrum, we assume the experimental conditions used by Brainard et al. 22) and calculated the melatonin suppression value at that time (the experimental results). The experimental conditions used by Brainard et al. 22) were assumed from the figure in the report. The photon flux density ranges set for each monochromatic light were as follows: 440 nm: 1 to 316 × 10 12 photons/cm 2 /sec, 460, 480, 505, 530 nm: 3.16 to 100 × 10 12 photons/cm 2 /sec, 555, 575 nm: 10 to 316 × 10 12 photons/cm 2 /sec, 600 nm: 31.6 to 316 × 10 12 photons/cm 2 /sec. The light intensity interval was 0.25 log step and the number of intensity conditions were as follows: 440 nm: 11; 460, 480, 505, 530, 555, 575 nm: 7; 600 nm: 5. The experimental results for Brainard et al. 22) use the X50 of each monochromatic light listed in the report of Glickman et al. 35) (Table 1 ) and the melatonin suppression value was calculated for the monochromatic lights and light intensities assumed above. The spectral distribution of monochromatic light was created using a gauss function. The full width at half maximum (FWHM) was 10 nm.
Next, the amount corresponding to the illuminance using M (λ) was calculated for the assumed experimental conditions. Formula 5 shows the calculation formula. M (λ) ： Approximation formula for the action spectrum of melatonin suppression based on the experimental results of Brainard et al. 22) Finally, the results were plotted with the amount corresponding to the illuminance calculated above on the horizontal axis and the melatonin suppression value under the experimental conditions of Brainard et al. 22) on the vertical axis. The curve that represents this plot was calculated using the logistic function of Formula 2.
Next, X50 was calculated with A1, A2, and p at the same values used by Brainard et al. 22) . The result for X50 was 131. Formula 6 shows the relational expression for the acquired melatonin suppression value. As with the melatonin suppression value, pupil diameter can be conveniently calculated from illuminance and the spectral distribution of the light source. The light exposure device used by Brainard et al. 22) covered the full field of vision of the subjects by using a spherical device. In this device, spectral monochromatic light was produced by a monochromator. In the experiment by Stanley et al. 37) that reported on the relation between pupil diameter and the brightness of the surrounding environment, pupil diameter was measured as subjects
The Illuminating Engineering Institute of Japan observed circular light stimuli in various visual angles range from 0.4 to 25.4 deg. and under various luminance conditions. Although the conditions presenting light stimuli to the subjects were different, it was assumed that it was possible to calculate the pupil diameter under the experimental conditions of Brainard et al. 22) using the relational formula of Stanley et al. 37) at this time. As with the mathematical model to predict melatonin suppression, pupil diameter was acquired by entering the illuminance and light source spectral distribution information. To do this, it is necessary to know the relation of "corneal flux density F " of Formula 7
and "illuminance and light source spectral distribution".
Illuminance can be expressed as a function of luminance or surface light source area and the distance from the light source 38) . When the surface light source and side light surface are opposed, θ=0 and φ =0. The surface light source is assumed to be circular, the radius of the circle is r, and the visual angle of the circular surface light source is δ. When Formula 9 is applied to the Formula 7, Formula 10 is generated, which can calculate the pupil diameter D from illuminance E. 
It has also been reported that pupil diameter accommodates to the spectral sensitivity of rods 39) . Because Stanley et al. 37 ) used a light source that had a ratio of 2 for scotopic vision illuminance using the spectral sensitivity V' (λ) of rods and photopic vision illuminance using standard relative luminous efficacy V (λ), scotopic vision illuminance is 2 when photopic vision illuminance is 1. When the input of the formula to calculate pupil diameter D is converted from illuminance E to scotopic vision illuminance Es based on the experimental conditions of Stanley et al. 37) , Formula 10 is transformed into Formula 11. V' (λ) ： Standard relative luminous efficacy function of scotopic vision 2.5 Mathematical model for cases with pupil reflex Mathematical models for cases with pupil reflex focus on the quantity of light reaching the retina and are assumed to be able to be expressed by the product of pupil area and the amount corresponding to the illuminance using M (λ). In the experiment by Brainard et al. 22) , the pupils of 72 subjects were dilated using medicine and the average pupil diameter was 7.19 mm. For mathematical models for melatonin suppression values in cases with pupil reflex, the entry for Formula 6 for the amount corresponding to illuminance using M (λ) was corrected with the product of the pupil area and the amount corresponding to illuminance using M (λ), and is expressed by Formula 12.
( ) ( ) { } 3. Verification of mathematical models 3.1 Existing reports used in the verification and verification results The mathematical models to predict the melatonin suppression value in cases with pupil reflex and the actual experimental results were compared. For the actual experimental results in cases with pupil reflex, the results of McIntyre et al. 30) , who used fluorescent lamps that simulate natural light, and Aoki et al. 31) , who used white fluorescent lamps, were used. Table 2 shows the details of the conditions and results for each experiment. As with the experiment by Brainard et al. which forms the basis of the mathematical models to predict the melatonin suppression value in this report, the experimental results used were the melatonin suppression value for 90 minutes of light exposure after control-adjustment. Figure 2 shows the experimental results of McIntyre et al. 30) and the prediction results from the mathematical model of this report. Figure 3 shows the experimental results of Aoki et al. 31) and the prediction results from the mathematical model of this report. By considering the attenuation of the quantity of light reaching the retina due to pupil reflex, a lower melatonin suppression value was predicted in the high illuminance region, and it was possible to predict a value closer to actual experimental results compared to cases without pupil reflex. Comparisons with the experimental results showed that it was possible to roughly predict the maximum value of the melatonin suppression value. When the melatonin suppression value was in the midrange or lower, the predicted valued tended to be larger than the actual value.
Discussion
With regard to the disagreement between actual experimental results 30)31) and mathematical models, this discussion will focus on the slope of the curve between the light intensity and the melatonin suppression value. Figure 3 The open circle represents melatonin suppression % from Aoki et al 31) . The broken curve represents predicted melatonin suppression % for dilated pupil. The solid curve represents predicted melatonin suppression % for normal pupil. . The broken curve represents predicted melatonin suppression % for dilated pupil. The solid curve represents predicted melatonin suppression % for normal pupil.
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The Illuminating Engineering Institute of Japan These results show that it is necessary to investigate an element other than those studied up until now in order to create mathematical models for melatonin suppression. This element is considered to be the action that causes steeper slope of curves for broadband light exposure compared to monochromatic light exposure and causes melatonin suppression values to further decrease when the prediction results for melatonin suppression values for monochromatic light exposure is in the mid to lower range.
There have been experiments that have used monochromatic and broadband lights to investigate melatonin suppression values in environments with pupil reflex 28)29) . Figueiro et al. used blue light emitting diodes (LED) and mercury lamps to test melatonin suppression 28) . When using an amount corresponding to the illuminance using an action spectrum model 27) for melatonin suppression and setting conditions such that the melatonin suppression value for mercury lamps was higher than that of blue light emitting diodes, the experimental results showed that the melatonin suppression value of mercury lamps was lower than that of blue light emitting diodes. Figueiro et al. also used mercury lamps and filtered mercury lamps with a wavelength of 436 nm to test melatonin suppression 29) . When the product of the spectral radiation quantity and pupil area for the mercury lamps and 436 nm light was the same, the melatonin suppression value for mercury lamps was lower than that of the 436 nm light. With regard to these results, Figueiro et al. suggested the existence of an action spectrum with minus sensitivity 28) . However, assuming that Formula 12 represents the results of melatonin suppression experiments by Figueiro et al. using monochromatic light, results showing that melatonin suppression results from broadband light are lower than predicted do not contradict the fact that the experimental results of McIntyre et al. 30) and Aoki et al. 31) using broadband light were lower than the values predicted by Formula 12 in this report.
This suggests that, even when the product of the amount corresponding to illuminance using the action spectrum of melatonin suppression and the pupil area is the same, there is a mechanism at work that attenuates the melatonin suppression value for broadband light exposure compared to monochromatic light exposure. The spectral distributions of monochromatic and broadband light vary greatly. Monochromatic light has a narrow spectral radiation bandwidth while broadband light has a wide bandwidth. As a result, broadband light stimulates more photoreceptors in the retina simultaneously than monochromatic light. This suggests that there is a mechanism at work that attenuates melatonin suppression values when multiple photoreceptors are simultaneously stimulated.
The introduction of attenuation items
With broadband light exposure, it is assumed that there are items attenuating the melatonin suppression value compared to the mathematical model of Formula 12. The degree of attenuation is quantified as an attenuation coefficient (experimental value/predicted value) ( Table 3 ). The attenuation coefficient is about 1 at high illuminance and lowers as illuminance drops.
Visual pigment in the retina is considered related to these attenuation items. The spectral sensitivity in the corneal positions is calculated from the spectral absorption 40) of the crystalline lens and a template 41) indicating the spectral absorption characteristics of the visual pigment. The operating visual pigment as input of attenuation items was investigated in the visual pigment peak wavelength range of 400 to 600 nm. With regard to the height of the relationship of each type of spectral sensitivity and attenuation coefficient, the relation between the amount corresponding to the illuminance using each type of spectral sensitivity and attenuation coefficient has been represented by the logistic function of Formula 2. From this result, it was learned that visual pigment with a peak wavelength at 469 nm had the highest relationship with the attenuation coefficient (R 2 = 0.77). When the relationship between the photoreceptors in the retina of humans 42) and the attenuation coefficient is investigated, the coefficients of determination R 2 , which indicate the height of the relationship between the attenuation coefficient and the amount corresponding to the illuminance using the spectral sensitivity of S cones ( λmax = 419 nm), M cones (530.8 nm), L cones (558.4 nm), rods (496 nm), and ipRGC (484 nm 24) ) Table 3 Experimental results 30)31) and predicted results, attenuation coefficient were 0.71, 0.56, 0.51, 0.71, and 0.75 respectively, which showed that ipRGC had the highest relationship with the attenuation coefficient. Figure 4 shows the relationship between the amount corresponding to the illuminance using the spectral sensitivity of ipRGC and the attenuation coefficient. Because the amount corresponding to the illuminance using the spectral sensitivity of ipRGC is not defined, the calculation formula is expressed in Formula 13. The attenuation coefficient is expressed as Formula 14. The melatonin suppression value when broadband light is used can be calculated by the product of the attenuation coefficient α of the Formula 14 and the melatonin suppression value MS %normal when there is pupil reflex of Formula 12. Figure 5 shows the results predicted for the melatonin suppression value from the experiment conditions of McIntyre et al. 30  ： Attenuation coefficient EipRGC ： The amount corresponding to the illuminance using the spectral sensitivity of ipRGC Figures 5 and 6 show that it is possible to almost completely predict the melatonin suppression value when broadband light is used by introducing attenuation items. Attenuation items have actions that cause the stimulus quantity of the ipRGC to attenuate the melatonin suppression value. This is analogous to Neuropeptide Y of geniculohypothalamic tract (GHT) 46)47) , one of the input routes to the SCN 43)-45) (Figure 7) , which gives inhibitory input to the SCN. GHT outputs from the intergeniculate leaflet (IGL), a part of the lateral geniculate nucleus (LGN). The IGL is one of the neuron projections of the ipRGC 25) . This shows that the stimu- . The broken curve represents predicted melatonin suppression % for dilated pupil. The solid curve represents predicted melatonin suppression % for normal pupil. The bold curve represents predicted melatonin suppression % for normal pupil contained attenuation factor. Figure 6 The open circle represents melatonin suppression % from Aoki et al 31) . The broken curve represents predicted melatonin suppression % for dilated pupil. The solid curve represents predicted melatonin suppression % for normal pupil. The bold curve represents predicted melatonin suppression % for normal pupil contained attenuation factor.
The Illuminating Engineering Institute of Japan lus quantity of the ipRGC acting as an attenuation item input to attenuate the melatonin suppression value is analogous and consistent with the mechanism that input signals to the SCN .
3.4 The action spectrum after the application of pupil reflex and attenuation items It is believed that the application of pupil reflex and attenuation items changes the action spectrum of melatonin suppression. Therefore, actions spectra were calculated using the various mathematical models created in this report. For the calculation, a gauss function was used to create monochromatic light with an FWHM of 1 nm and calculate the action spectrum for the range of 400 to 600 nm (Figure 8 ).
The mathematical model for cases with no pupil reflex based on the experimental results of Brainard et al. 22) (Formula 6) had a peak wavelength at 453 nm and results were similar to the experimental results of Brainard et al. 22) . The mathematical model considering changes of quantity of light reaching the retina in cases with pupil reflex based on the experimental results of Brainard et al. 22) had a peak wavelength of 400 nm. Because the short wavelength end was calculated only to 400 nm in this analysis, there in fact may be peak wavelengths for shorter wavelengths. This may be because since pupil reflex is considered, if the energy is large around the 507 nm peak wavelength of the rods, the pupil becomes smaller and because the quantity of light reaching the retina is attenuated, the peak wavelength may be away from the wavelength of 507 nm. The mathematical model (the product of Formulas 12 and 14) considering the results of pupil reflex and attenuation items in the experimental results of Brainard et al. 22) had a peak wavelength of 478 nm. This may be because since the peak wavelength for the spectral sensitivity, calculated from the template 41) expressing the spectral absorption of the lens and the spectral absorption characteristics of the visual pigment, is around 490 nm at the cornea position of the ipRGC, the attenuation coefficient moves toward 1 when there is a large amount of energy in this area and because this value moves toward 0 when moving away from the 490 nm area, the peak wavelength of the action spectrum comes to the peak wavelength area of the ipRGC. This analysis shows that when experimental results acquired using monochromatic light are applied to actual environments, the peak wavelength of the action spectrum changes greatly from the initial considered item.
Review
When creating mathematical models to predict melatonin suppression values under environments with pupil reflex, it was learned that it is not possible to sufficiently estimate actual experimental results 30)31) simply by considering the effects 37) of changes in the quantity of light reaching the retina due to pupil reflex in the findings of melatonin suppression experiments 22) using monochromatic light. This discrepancy in prediction has also been reported by Figueiro et al. 28)29) who suggested . The dotted line is visual pathway that reaches the visual cortex. The ipRGC is projected to the regions enclosed in a double line 25) .
There is an analogy between the attenuation factor and the activity of geniculohypothalamic tract (GHT) . The solid curve represents action spectrum for melatonin suppression based on normal pupil. The bold curve represents action spectrum for melatonin suppression based on normal pupil, attenuation factor.
there is a mechanism operating that attenuates the melatonin suppression value when the light source is broadband light versus monochromatic light. These findings are considered important discoveries that suggest the direction of future research when attempting to cultivate a better understanding of the non-image forming effects of light.
The mechanism that attenuates the melatonin suppression value during broadband light exposure compared to monochromatic light exposure has been called an attenuation item. Attenuation items are a multiplier for the attenuation coefficient in the prediction results for melatonin suppression values with monochromatic light. Presuming visual pigment is working as attenuation item input suggests that there exist photoreceptors with a peak wavelength at 469 nm. However, since such photoreceptors do not exist, it is believed that multiple photoreceptors input attenuation items or that there is some other mechanism involved. Out of the photoreceptors that have been confirmed to exist, it has been suggested that the ipRGC are most likely to act as an input of attenuation items. The action of attenuation items is analogous to NPY 46)47) of the GHT, one of the input routes to the SCN, which give inhibitory input to the SCN. GHT is output from the IGL, which is believed to be comparable to the Koniocellular layer (K layer) of the LGN. It has been confirmed that the ipRGC project to the IGL 25)48) . Furthermore, since the K layer processes blue-yellow contrast color information, it is believed that the IGL also performs signal processing for these cones. The above shows that the action of attenuation items is similar to the actions of NPY of the GHT, one of the input routes to the SCN, and is analogous to a physiological mechanism. Furthermore, projections from ipRGC have been confirmed in the IGL, which is the output source of the GHT. Since it has been suggested that various types of cones are also inputting, it is been suggested that it is possible that the attenuation item input signals are processed here. In this report, it has been assumed that attenuation items do not function during exposure to monochromatic light but function during exposure to broadband light. However, further research is necessary regarding whether mechanisms like the attenuation items assumed in this report actually exist, and if they exist, what actions do they have under different lighting conditions.
It is been indicated that the introduction of pupil reflex and attenuation items change the action spectrum of melatonin suppression. Therefore, it is been suggested that the pupil reflex and attenuation change not only the quantity of light reaching the retina and the attenuation of the melatonin secretion value, but also the action spectrum. While this report indicates that there are cases in which the action spectrum of melatonin suppression value changes, further research is required regarding whether such changes are actually occurring, and if they are occurring, under which conditions do they occur. The idea that attenuation items do not act with monochromatic light and act with broadband light in order to explain the findings of this report and the reports of Figueiro et al. 28 )29) may be useful when attempting to clarify this mechanism.
With regard to the various non-image forming effects of light, it has been suggested that light signals are input to the SCN and the various parts of the route that transfer it to the pineal gland are related. Therefore, it may be possible to use the findings from the analysis of the melatonin suppression effects presented here attempting to understand effects on other marks. Findings regarding the non-image forming effects of light 2)-16) on marks other than melatonin such as brain waves and electrocardiograms have shown different effects by color depending on the type of light source. LED light sources have received attention because of their low power usage and long life. If their use becomes widespread, it is expected that it will become more difficult to indicate the effects on the body by color name because its spectral distribution differs from other sources such as incandescent lamps, fluorescent lamps, and HID lamps. Therefore, it is considered important to investigate the non-image forming effects of light on bodily functions using dedicated markers.
In a press release dated December 2007, the International Agency for Research on Cancer announced that it intended to classify shift work that involves circadian disruption as a Group 2A carcinogen (meaning it is probably carcinogenic to humans) 49) . The report stated that people who perform work that disrupts circadian rhythms are at high risk for breast cancer 50)-52) or prostate cancer 53) . The IARC report is believed to be the first by an official organization that acknowledged the relationship between circadian rhythms and cancer. It has been reported that melatonin suppresses the growth of cancer 54) and it has been strongly suggested that the suppression of melatonin secretion has an important effect on cancer production. Therefore, clarifying the effects of light on melatonin secretion will provide important findings for the investigation of the effects of light on cancer production.
The report by Stanley et al. 37) was used when estimating pupil reflex by light, and the accommodation of pupils by the spectral sensitivity of rods was used 39) . However, it has been reported that the ipRGC is involved in pupil reflex because the ipRGC projects to the OPN within the brain, which adjusts pupil reflex 25) . It is also been reported from experiments involving humans that spectral sensitivity of the ipRGC was seen by pupil reflex 55)56) . The light intensity level at which the ipRGC
The Illuminating Engineering Institute of Japan reacts is higher than both rods and cones 26) 48) , and it has been suggested that ipRGC adjusts pupil reflex around the minimum diameter 26)55) . Therefore, it is necessary to consider the effects of ipRGC when creating predictive formulas for pupil diameter. Using the abovementioned consideration, it may be possible to decrease the difference between the spectral sensitivity of visual pigment assumed as an input of attenuation items and the spectral sensitivity of actual visual pigment.
Summary
Mathematical models were created to predict the melatonin suppression effects from light exposure at night, which is one of the non-image forming effects of light. When considering the effects of pupil reflex 37) in the findings of melatonin suppression experiments 22) using monochromatic light, it was not possible to sufficiently predict actual experimental results 30)31) . Because of this discrepancy, and in order to predict the melatonin suppression effects of both monochromatic and broadband light from the existing research of Figueiro et al. 28)29) , it was necessary to assume a mechanism that has not been hypothesized up until now. The existence of an attenuation mechanism was assumed. The action of attenuation items was analogous to the physiological mechanism around the SCN. Furthermore, it was indicated that pupil reflex and attenuation items change the action spectrum. Based on the above, it may be possible to explain this mechanism in detail by analyzing experimental conditions under which the action spectrum changed.
